Objective: To study the relationship between behavioural factors, body adiposity and muscle mass. Subjects and methods: A total of 1415 Italian individuals (705 men and 710 women) aged 40-74 years from a populationbased survey carried out in the town of Bollate (Milan). Analysis of covariance was used to refine and improve the precision of the comparisons. Results: Men: Smoking and sedentary behaviour were related to larger waist circumference (WC) and smaller hip circumference (HC). Increased WC was also associated with high-fat diet and moderate-to-heavy drinking (compared to light drinkers). Those more educated (completed high school) were leaner and ex-smokers had higher body mass index (BMI) than non-smokers. Women: BMI was inversely related with education, the more educated having also lower muscle mass. The light drinkers were leaner and moderate-to-heavy drinkers had less muscle mass than abstainers. Moderate-to-heavy drinkers had larger WC than light drinkers. A strong negative trend was found in the relationship between dietary fibre and WC. Overall adiposity (BMI) and, more weakly, HC and peripheral subcutaneous fat increased with more TV watching, whereas BMI lowered, together with WC and muscle mass (as measured by the mid-arm circumference), with more walking/cycling. Conclusions: Modifiable habits such as smoking (men) and moderate-to-heavy alcohol drinking are associated with a pattern that is particularly deleterious to health: increased intra-abdominal fat and less muscle mass. Prevention strategies should be simultaneously aimed at promoting physical activities and reducing sedentary behaviours. A low-fat, fibre-rich diet seems to be closely related to a healthy distribution of body fat.
Introduction
Obesity, which is a chronic condition characterised by excess body fat, is a complex, multifactorial disorder that develops from genotype and environmental interactions. 1 Its prevalence has recently increased rapidly throughout the world, and has a major impact on public health. 2 Excess body fat has an adverse effect on health, and the obese have an increased risk of morbidity due to hypertension, type 2 diabetes, dyslipidemia, cardiovascular disease, osteoarthritis and certain types of cancers. [3] [4] [5] [6] [7] [8] [9] [10] [11] Excess body fat is also associated with substantial increases in cardiovascular and all-cause mortality.
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Although advances in research have underlined the importance of molecular genetic factors in determining individual susceptibility, the recent rapid increase in obesity rates suggests that environmental and behavioural factors play a more important role. The processes of urbanisation and technological progress have transformed our society, and a sedentary lifestyle together with greater consumption of high-fat, energy-dense foods is generally considered to be the main environmental changes underlying the increasing prevalence of obesity. 13 Given the refractoriness of obesity to clinical treatment, prevention is becoming a crucial issue, and a better understanding of the behavioural choices that contribute towards the establishment of a lifestyle associated with body fatness should help in the development of effective preventive strategies.
Studies of the relationship between lifestyle and obesity often rely on body mass index (BMI), but, as it does not distinguish fat and lean mass, its usefulness as a measurement of body fat is clearly limited. Observational studies have failed to find any consistent association between dietary patterns and BMI, not only because of the well-known problems of dietary under-reporting or misclassification, but also because obesity can be more precisely measured on the basis of body composition or body fat distribution.
14 Furthermore, the inconsistent findings of studies of the relationship between physical activity and BMI-assessed obesity have been partly attributed to the confounding effect of muscle mass, 15 and so also the contradictory results of studies investigating the influence of behavioural factors (particularly, alcohol consumption) on central adiposity as measured using the waist-hip ratio (WHR), which is affected by both intra-abdominal fat and gluteal muscle mass. 16 It is now well known that both body composition (lean and fat mass) and body fat distribution (the body shape) play a major role in causing morbidity and mortality. [17] [18] [19] [20] [21] [22] [23] [24] [25] In particular, lower levels of muscle mass and subcutaneous fat are associated with an increased risk of cancer mortality; 26 excess intra-abdominal fat, as measured by large waist circumference (WC), is associated with an increased risk of developing a number of chronic diseases (including type 2 diabetes and cardiovascular disease), 27, 28 whereas larger hip circumference (HC) independently predicts good health and is associated with a better metabolic profile. [29] [30] [31] In order to obtain a more complete picture of the relationship between behavioural factors and body adiposity, we examined the association of socioeconomic and lifestyle factors with anthropometric estimates of overall fatness and regional (intra-abdominal and subcutaneous) fat accumulation adjusting for potential confounders. In particular, we tried to improve the interpretation of the results having the overall obesity, as measured by the BMI, as outcome by adjusting it for a muscle mass estimate.
Methods
We used data from the 1992-93 Italian Bollate Eye Study, which was designed to investigate the prevalence and risk factors of major eye diseases. 32 The population was a random sample of all individuals aged 40-74 years drawn from the residents' list of the town of Bollate (Milan, Italy). A letter was sent to the sampled subjects to explain the study objectives and invite their participation, after which each was contacted by phone in order to collect their consent and schedule an appointment at the local hospital's outpatient clinic. The project was approved by the National Research Council. The hospital visit included an interview concerning medical and family history, the past or current use of drugs, lifestyle habits, a food-frequency questionnaire, and anthropometric (height, weight, body circumferences and skinfolds) and blood pressure measurements (both arms). A blood sample was collected for laboratory tests (haematology, glycaemia, lipids). The subjects were weighted dressed only in their underclothes, and their height was measured as they stood fully erect without shoes. A tailor's tape measure was used to record the circumferences of their abdomens (at the height of the waist) and hips (at the height of the upper iliac crest); arm circumference was measured bilaterally in the middle third portion. The skinfold thickness measurements were made bicipitally (vertically on the anterior median line of the arm, midway between the acromion and the bend of the elbow), suprailiacally (vertically on the iliac crest at the level of the axillary media), tricipitallly (vertically on the posterior line of the arm at the same level as the bicipital fold measurement) and subscapularly (laterally about 301 from the vertical, passing through the lower angle of the scapula). Anthropometric and lifestyle information was obtained relating to 1415 subjects (705 men and 710 women).
The subjects were classified as currently employed or retired (the women's classification also included the category of housewife). Education was classified at three levels: primary school or less, high school or further education. In relation to smoking, the subjects were classified as nonsmokers, ex-smokers or current smokers. Nutrient intake was calculated using the food composition database compiled for epidemiological studies in Italy. 33 The present analysis included information on both dietary fat and fibre intake: a low-fat diet was classified as o25% of total dietary energy obtained from fat (EF) and a high-fat diet as an EF of 435%; the reference group had an EF of 25-35%. Fibre intake was categorised as o25, 25-45 and 445 g/day. Information concerning the frequency of wine, beer and spirits consumption was used to classify the subjects as abstainers, light drinkers (consumption of wine and/or beer up to 2 days a week, and no spirits) or moderate-to-heavy drinkers (daily or almost daily wine consumption with spirits). Physical activity at work was measured by calculating the difference (in h/day) between standing/walking and sitting, and then creating three categories: low for those who spent more time sitting; medium for those in whom the difference was no more than 4 h a day; high for those in whom the difference was more than 4 h a day. Leisure time physical activity was assessed on the basis of the time spent in watching TV, walking/cycling and practising sport. Analysis of covariance (ANCOVA) was used to test the effects of categorical variables (the lifestyles factors) on the continuous dependent variables (the anthropometric measures), controlling for the effects of selected other continuous variables that covary with the dependent. The control variables are the covariates, the variables we 'adjust for' in our study. ANCOVA is the result of a combination of the concepts of the analysis of variance (ANOVA) and the linear regression. It does an ANOVA on the residuals of the linear Lifestyle correlates of body adiposity MLC Leite and A Nicolosi regression using the covariates to predict the outcome. So it evaluates the relation between the factors and the dependent variable after the variation due to the covariates has been removed. The dependent variables were the BMI (calculated as weight/height 2 ), WC, HC, peripheral subcutaneous fat (PSF, estimated as the sum of the biceps and triceps skinfold thicknesses), truncal subcutaneous fat (TSF, estimated as the sum of the suprailiac and subscapular skinfold thicknesses) and mid-arm circumference (MAC, with the average of the two measurements being used to estimate muscle mass). Age, height and total energy intake were included as covariates in all of the models; BMI was included as covariate in the models having WC, HC, PSF and TSF as dependent variables. The subcutaneous fat depot variables (PSF and TSF) were adjusted for each other and so also the WC and HC. The WC includes a measure of the TSF and, on the other side, also the MAC and PSF are positively correlated. Then, in order to obtain a more accurate measurement of visceral fat, the estimate of TSF was included as a covariate in the analysis having WC as outcome; for the same reason, the estimate of PSF was included as covariate in the MAC analysis. The analysis whose outcome was BMI was made by adjusting for age, height and energy intake and, for purposes of comparison, by further adjusting for muscle mass. To this end, the residuals of a linear regression of the MAC on the PSF, that is, the measure of the MAC from which the effect of the subcutaneous arm fat was removed, were used as a measure of the muscle mass and were included as a covariate in the BMI outcome analysis. The response variables underwent logarithm or square-root transformation depending on which was more capable of eliminating skewness. The outcome variables were standardised to make the anthropometric results comparable.
The analyses were made separately for men and women using the SPSS 10.0 package for Windows. 34 
Results
Age ranged from 42 to 74 years and the mean age of the men and women was 56.8 and 56.5 years, respectively. Thirtynine per cent of the men and 35% of the women were in the age range of 60-74 years. Their anthropometric and lifestyle characteristics are shown in Table 1 . Although the men and women had similar BMI values, the women had more subcutaneous fat, and the men had larger WC indicative of greater abdominal fat accumulation. The men were more educated, and consumed more cigarettes and alcohol. Table 2 shows the adjusted per cent differences in the adiposity and muscle mass measures of the men across the categories of different lifestyle variables. The differences reflect the adjusted (after removing the effects of the covariates) effects of the independent variable on the anthropometric measures. The differences in adjusted standardised absolute values were too little, thus we used per cent values in order to exploit more significative digits using only one decimal place. As the outcome variables were standardised, the magnitude of the differences are comparable across the various anthropometric measures. The more educated men were leaner. Even when adjusted for muscle mass, BMI and WC were greater in ex-smokers than nonsmokers; in addition to a larger WC, the smokers had a smaller HC than non-smokers, thus indicating a particularly unhealthy body shape associated with smoking. Although Lifestyle correlates of body adiposity MLC Leite and A Nicolosi not significantly so, muscle mass was less in smokers than non-smokers. The men in the high-fat diet group had a larger WC and more PSF than those in the reference group (25-35% of total energy from fat). Drinkers had non-significantly higher BMI values than abstainers, and the difference was reduced when adjusted for muscle mass. Comparison of moderate-to-heavy and light drinkers revealed the same unhealthy pattern of fat distribution as that found between smokers and non-smokers: the difference in waist size was 9.1 (P ¼ 0.021) and in HC it was À8.3 (P ¼ 0.071) (data not shown). Light alcohol consumption was associated with lower PSF depots. Muscle mass increased with the level of working activity, and there was a weak negative relationship with overall adiposity and subcutaneous fat depots. The physical activity variables in men related to fat distribution (WC and HC) rather than overall adiposity (BMI). TV watching was strongly associated with the increase in WC and reduction in HC, whereas walking/cycling and practising sport were associated with less intra-abdominal fat accumulation. The coefficients of determination (R 2 ) are measures of the proportion of the total variation in the dependent variables that is explained by the model and they ranged from 6% for BMI (34% when body muscle mass was included) to 82% for WC. Table 3 shows the results for women. Housewives had a lower BMI (less muscle mass) but larger WC than currently employed women. The strong inverse relationship between BMI and educational level was markedly altered after adjusting for muscle mass, which was less in the more educated women. The negative difference in BMI between Lifestyle correlates of body adiposity MLC Leite and A Nicolosi smokers and non-smokers was similarly reduced when it was adjusted for lean mass, which, as in the men, was less in the smokers group. Overall body fatness was lower in the women consuming a low-fat diet, and a there was a strong negative trend in the relationship between dietary fibre and WC. Alcohol consumption was also inversely associated with BMI but, after adjustment for muscle mass, only the light drinkers were significantly leaner; moderate-to-heavy drinkers had less muscle mass than abstainers. Even more so than among the men, moderate-to-heavy drinkers had a larger WC than light drinkers, with a difference of 20.4 (P ¼ 0.003) (data not shown). Light drinkers had less PSF than abstainers, but not the moderate-to-heavy drinkers. Body fatness was not related to physical activity at work, but lower estimates of muscle mass were associated with more activity. More TV watching was associated with the increase in both overall and subcutaneous adiposity, but not central fatness. Lower overall and abdominal adiposity was related to walking/ cycling. The coefficients of determination ranged from 16% for BMI (but 49% when muscle mass was included in the model) to 74% for HC.
Discussion
Generally, for reasons of health economics, obesity prevention is increasingly important in the elderly, as they account Lifestyle correlates of body adiposity MLC Leite and A Nicolosi for a growing proportion of the population. Preventive strategies are improved by the elucidation of the relationship between behavioural factors and body adiposity. To this end, we studied the variations in the anthropometric indices of overall adiposity, body fat distribution and muscle mass across categories of different lifestyle variables in a sample of middle-aged and elderly subjects. The method used for the analysis made it possible to adjust the comparisons of the lifestyle groups for imbalances in the covariates, which are important predictors of the studied dependent variables. A limitation of the present study is related to the possible inaccuracy in some self-related information, particularly the dietary and the physical activity data. Another limitation of this study is its cross-sectional design so that caution must be exercised in the interpretation of the observed association.
The inverse relationship between obesity (as measured by BMI) and educational level is one of the most consistent findings of studies of the prevalence of obesity across social groups in affluent societies, particularly in the case of women in whom an increasing trend in educational differences has been found in relation to the frequency of obesity. 35 Education has been used as a surrogate for socioeconomic status, as it might restrict nutritional knowledge and limit behavioural options such as access to healthy foods. The relationship between social status and body weight may be bidirectional insofar as obesity can contribute to social and economic disadvantage, 36 but longitudinal data have shown that socioeconomic status influences BMI in both men and women. 37 We found that the higher BMI values of the less educated women could also be attributed to their greater muscularity. Despite the possible inaccuracy of the lean mass estimate, socioeconomically disadvantaged women may have to bear less qualified and physically harder activities, including housework, and thus improve their body muscle mass. Although cigarette smoking has been reported to be associated with a lower BMI, studies of both middle-aged and elderly people have found that smokers have a higher WHR than non-smokers. [38] [39] [40] We found that smoking is associated with a reduction in overall fatness in women, and related to less muscle mass in both genders. Moreover, smoking was associated with a larger WC and smaller HC, particularly among the men. Examination of the separate associations with WC and HC rather than their ratio leads us to suppose that smoking may be related to the variation in both visceral fat and gluteo-femoral muscle mass. Although the lower muscle mass in smokers could be partially explained by comorbidities, controlled studies have found differences in the characteristics of skeletal muscle (including fibre type, distribution and size) between smokers and non-smokers. 41, 42 It has been hypothesised that the harmful effect of smoking on body fat distribution may partially mediate the relationship between smoking and diabetes. 43 Furthermore, smoking can influence the paradoxical relationship between BMI, WHR and the risk of diabetes by increasing the risk of falling into the particularly high-risk group: that is, people with a low BMI but high WHR. 44 Our male ex-smokers had more overall and abdominal fat than non-smokers, which is in line with the results of a population-based study of elderly Dutch people showing a positive association between past and current smoking habits and abdominal fat in older men but not in older women. 45 We found that our subjects consuming a low-fat diet had a high intake of dietary carbohydrates: the percentage of total energy from carbohydrates in this group was 63.5% (s.d. ¼ 4.8%) for men and 63.2% (s.d. ¼ 4.9%) for women, whereas the corresponding figures in the group consuming a high-fat diet were 43.2% (s.d. ¼ 5.6%) and 43.6% (s.d. ¼ 5.6%) (data not shown). A low-fat, high-carbohydrate diet was associated with less overall fatness in women, whereas a high-fat, low-carbohydrate diet was associated with greater intra-abdominal fat and PSF in men. The role of dietary fat in obesity remains controversial, 46, 47 and it is still debated whether high-fat diets lead to excess body fat, and whether low-fat diets are effective in inducing weight loss. 48 The conflicting and inconclusive results of epidemiological studies of the association between dietary fat and obesity have been attributed to methodological problems, 49 but intervention trials examining the effect of low-fat, highcarbohydrate diets, or diets not restricting total energy intake in any way, have found losses in body weight and fat in older men and women, 50 and the prevention of weight gain in normal weight subjects. 51 The effect of dietary fibre on weight regulation is also controversial, 52 but it has been found that lower cereal fibre consumption is an independent predictor of a higher WHR in both male and female Europeans with type I diabetes. 53 We found that abdominal obesity was strongly and inversely associated with fibre intake in women. This finding, together with the larger WC of the men in the high-fat, low-carbohydrate diet group, is consistent with the results of prospective studies showing that high dietary fibre levels are associated with a reduction in the risk of coronary heart disease. 54, 55 The complex nature of the relationships between alcohol consumption and body weight or fat distribution is suggested by the conflicting findings of observational studies: 56, 16 generally, an inverse association between BMI and alcohol intake has been reported for women, and a slight positive relationship for men. [57] [58] [59] [60] It is not known why male drinkers are no heavier than abstainers, or why alcohol may even promote leanness in women, 61, 62, 50 although it has been suggested that the calories from alcohol are added to energy intakes from other sources in men, and that the energy from alcohol intake displaces sucrose in women. 52 However, although we found that all of our female drinkers had a lower BMI than the abstainers, light drinkers seemed to be particularly lean, and so it may be more plausible that light alcohol consumption in women is collinear to certain social behaviours that favour keeping weight down. The lower BMI of the female moderate-to-heavy drinkers appears to be more related to the decrease in muscle mass and, as arm
Lifestyle correlates of body adiposity MLC Leite and A Nicolosi circumference is a useful indicator of undernutrition in older adults, 63 this suggests an unfavourable context of high alcohol consumption and nutritional deficit. In terms of body fat distribution, moderate-to-heavy drinkers of both genders had a larger WC than light drinkers. In our classification, the substantial differences between the alcohol consumption categories were the greater frequency of consumption and the intake of spirits in addition to wine in the moderate-to-heavy drinking category. A recent prospective population study found that an increased WC in both men and women was associated with the consumption of spirits, but not wine intake. 64 Alcohol consumption has found to be associated with a larger WC and higher WHR regardless of BMI in both genders, 65 and male and female heavy drinkers have been found to have a larger WC than expected from their BMI in comparison with occasional drinkers. 66 Alcohol consumption and smoking have also been found to be significantly associated with central adiposity measured on the basis of the ratio of iliac and thigh circumferences in middle-aged French men. 67 Furthermore, the increased WHR of alcoholic men has been described as including not only changes in visceral adipose tissue, but also in the distribution of muscle tissue. 68 Similarly, but to a lesser extent than the difference between male smokers and non-smokers, we found that moderate-toheavy drinkers also had a smaller HC than light drinkers. We collected and elaborated information about different aspects of the physical activity in our sample: job-related activity, time spent watching TV, walking/cycling and sport practice. This is similar to the classification of the IPAQ (International Physical Activity Questionnaire), 69 except for our inclusion of housework in the activities used to build the variable of physical activity at work for the women. The difficulty in the interpretation of the work-related activity results for women, such as, for example, the surprising reduction in muscle mass, can be related to the possible inaccuracy of this classification criterion. On the other hand, adiposity indices in men are weakly inversely related to physical activity at work, whereas muscle mass is positively related. Then, a residual confounding effect on the relationship with BMI is possible. However, our results are in line with the findings of other population studies, 15,70 which found no association between work-related physical activity and BMI. The relationship between leisure-time physical activity and BMI has been found to be stronger in women than men. 15, 71 A recent randomised and controlled trial has found that regular exercise such as walking reduces the weight and body fat of women aged 50-75 years, 72 and we found that overall body fat inversely related to walking/ cycling and significantly increased with the time of watching TV in women but not in men. Another gender difference found in the literature concerns the relationship between physical activity and abdominal obesity, as it has been found that increased energy expenditure reduces the WHR and WC in men but not in women after controlling for BMI, 73 but it is not clear whether these results reflect biological or methodological factors. 74 We found that walking/cycling was associated with a smaller WC in both genders, but that men (and not women) showed an association between increased abdominal fat and sedentary behaviour as indicated by more TV watching, and between decreased abdominal fat and practising sport. Although changes in regional adipose tissue metabolism and the selective deposition of intra-abdominal fat seen in the menopause transition may underlie these differences between genders, it should also be borne in mind that possible differences in reporting accuracy may lead the lifestyle related to healthy body fat distribution to be better denoted by an active leisure-time sport in men and a high-fibre diet in women.
In conclusion, modifiable habits such as smoking and moderate-to-heavy alcohol drinking are associated with increased intra-abdominal fat and less muscle mass, a pattern that is particularly deleterious to health. Intra-abdominal fat is higher in men consuming a high-fat, low-carbohydrate diet and is also related to leisure-time physical activity; in this regard, our results suggest the importance of prevention strategies simultaneously aimed at promoting the practice of sport and reducing sedentary behaviours. Overall fatness in women appears to be positively associated with a particular lifestyle close to sedentariness and alcohol abstinence; in such cases, physical activities like walking/cycling and a lowfat, high-carbohydrate diet should help to maintain body leanness, and a fibre-rich diet seems to be closely related to a healthy distribution of body fat.
